We designed and implemented a generic search engine (Vaidurya) 
Introduction
Effective search and retrieval of relevant documents has become crucial with the recent growth in digital literature, in general, and the medical literature, in particular [1] . The requirement for effective retrieval is especially crucial when searching for a clinical guideline to manage a particular patient or a group of patients at the point of care, or when assessing retrospectively the quality of care that should have been administered according to one or more established state-of-the-art guidelines. The need has become further emphasized by the recent trend towards provision of automated support to guideline-based clinical care, and search engines must consider the special requirements introduced by the process of structuring guidelines for such a purpose. As we demonstrate in our study, exploitation of that structuring is both quite feasible and beneficial.
Typically, documents are retrieved using traditional full-text search, as originally described by Salton et al [2] , however this approach is not accurate enough and doesn't exploit the potential existence of rich domain-specific knowledge, which is common in the medical domain, and especially when searching for clinical guidelines appropriate for application to a specific patient.
For example, the medical domain offers controlled vocabularies and various tools for using them, such as the Unified Medical Language System (UMLS) [3] . Current search methods, such as the one used in Medline, index documents according to the MeSH conceptual hierarchy [4] , either manually or by automatic means, such as the MetaMap tool [5] . Thus, a textual query is also converted into a set of representative concepts, which are matched to the indexed documents, leading to a concept-based search. Such approaches, however, do not fully exploit the hierarchical relations among the concepts, such as the semantics of parent and Page 4 of 38 pages child links, and thus do not necessarily lead to an improvement over traditional full-text search [6] .
Furthermore, medical documents often have an explicit and meaningful internal structure.
For example, medical documents usually include sections such as "Introduction" and "Discussion," while clinical-guideline documents often contain even more semantically meaningful segments, such as "Description of the eligible population" or "Objectives". Such a structure can support a context-sensitive search, in which terms are searched only within certain meaningful segments of the documents, potentially enhancing the precision of the retrieval process.
Both of these avenues for enhancement of the search precision have been explored in our study and were found to indeed be fruitful. In this paper, we describe in detail Vaidurya -a search engine that uses concept-based and context-sensitive search in addition to the traditional full text search. For example, Vaidurya explicitly capitalizes on the existence of external conceptual hierarchies, exploits the semantics of their inner structure, and enables the user to specify certain logical relations among them.
Vaidurya [7] is a search engine originally developed for retrieval of clinical guidelines within our digital guideline library, DeGeL [8] , a set of Web-based tools for structuring, search, retrieval, and application of clinical guidelines. As we describe below, retrieval of suitable guidelines for care of particular chronic patients is an important and highly motivating objective. However, the Vaidurya search engine was designed to be quite generic, and is appropriate for search and retrieval within any collection of structured and indexed documents for which certain ontological assumptions hold, a situation that is most common in medical domains. Other examples include collections of articles in biomedical domains, as we had recently demonstrated in the case of the Trec Genomics collection [9] . Throughout this paper, Page 5 of 38 pages we will exemplify our new approach to concept-based and context-sensitive search using the example of searching within a clinical-guideline library, a sub-domain in which we had rigorously and quantitatively evaluated our framework. For the purposes of that evaluation, reported elsewhere [10, 11] , we used the National Guideline Clearinghouse (NGC 1 ) clinicalguideline collection, and its internal hierarchical structure, which we briefly describe in the Evaluation section.
In this paper, we present in detail the Vaidurya system's computational infrastructure and present briefly an integrated view of the results of its evaluation. We start by introducing the domain of supporting clinical-guideline retrieval and application; then we proceed with introducing concept-based and context-sensitive search; we continue by describing Vaidurya's computational architecture and by summarizing the results of its evaluation in the guideline domain. Although we had evaluated the methodology within a particular guideline ontology and set of conceptual indices, the results are independent of the particular guideline ontology and conceptual hierarchy used. We conclude by presenting our overall insights regarding the limitations and advantages of the Vaidurya framework, and the specific measures that we had already taken to overcome some of its limitations.
Background
We start by introducing the need for effective search and retrieval of electronically represented clinical practice guidelines. We then introduce in more detail the ideas of conceptbased search and context-sensitive search, before focusing on our specific methods.
Clinical Practice Guidelines
Clinical Practice Guidelines (CPGs) , are defined by the Institute of Medicine as "systematically developed statements to assist practitioner and patient decisions about appropriate health care for specific clinical circumstances" [12, 13] . CPGs are most useful at the point of care, in particular, when the care provider prescribes a specific care plan. Extensive evidence exists that conforming to state-of-the-art guidelines improves the quality of medical care [14, 15, 16] , while potentially, at least in the longer term, reducing its escalating costs.
Currently, CPGs are usually represented in free text, which provides little support for automated application of the CPGs at the point of care. Several structured representation formats, or CPG ontologies, have been proposed; their objective is to represent clinical guidelines in a semi-structured, and eventually a completely structured, machine-comprehensible format [12, 17, 18, 19, 20, 21, 22, 23] . However, currently most guidelines exist in a free-text or a semistructured textual format.
Even if the CPGs are organized within a digital library, it is of paramount importance to search and retrieve them effectively and with high precision relative to the user's needs, whether these include therapy of a particular patient, structuring of a certain CPG, or a retropsective assessment of the quality of care of a group of patients relative to a particular guideline or a set of guidelines.
The growing interest in the use of CPGs and their adoption had led to the creation of several CPG web sites and search engines. The DeGeL library [8] represents CPGs using a meta-ontology format as well as a set of specific guideline ontologies. Ontology independent elements, such as documentation details and semantic classification indices, are common to every CPG, regardless of the specific ontology, such as Asbru, which is used to represent the CPG's content.
To support concept-based indexing and search, seven semantic axes (concept hierarchies) are defined within DeGeL, based on MeSH and UMLS, For example, disorders (e.g., ischemic heart disease), therapies (e.g., irradiation), symptoms and signs (e.g., abdominal pain and elevated rectal temperature, respectively), etc. Each CPG can be classified, using the IndexiGuide tool [8] , along multiple subconcepts-one or more within each semantic axis.
To support the conversion of free-text CPGs into a machine-comprehensible representation, and to support context-sensitive search and retrieval of the guidelines, the DeGel architecture includes a set of web-based tools for incremental conversion of a CPG into one of a several CPG-specification ontologies. The DeGeL tools enable a team of a clinical editor and a knowledge engineer to gradually structure a guideline into increasingly formal formats at several representation levels, working separately and/or together (depending on the representa-3 http://libraries.nelh.nhs.uk/guidelinesFinder tion level). The CPG specification process starts with a semantic markup process, using a structuring (mark-up) tool called URUZ [8] , in which segments of the CPG's text are labeled by semantic tags from the chosen guideline ontology (e.g., "eligibility conditions" or "out- 
Concept-Based Search
Many digital libraries are indexed in a hierarchical structure; examples include the well known web portal Yahoo!, which uses its own hierarchical concepts structure, and the NGC library, which uses MeSH-and UMLS-based hierarchical conceptual structures: Disorders and Therapies. These sites allow the user to browse through the concepts using the hierarchical structure, starting from its roots, and ending at the most specific concepts, located at the leaves. Thus, such a browsing method forces the user to navigate the conceptual hierarchical structure. In these directories searches can be limited to a specific concept and its sub-concept [24] . The limitation of this approach is that humans search in terms of concepts [25] . However, for practical reasons since most of the search engine search expect a keywords search phrase the users search for keywords which represent their conceptual search. In the medical domain, concept-based search refers to a text-retrieval approach in which the document is mapped to concepts based on its contents. Hersh's SAPHIRE system [6] uses an approach in which concepts used for indexing are automatically extracted from the document. Gobeill et al present a framework for multi-lingual retrieval based on the multi-lingual version of MeSH [26] . In the case of documents within biomedical domains, documents and queries are often mapped into large vocabularies such as the Medical Subject Headings (MeSH) [4] or Unified Medical Language System (UMLS) [3] , which is one of the major resources offered by the National Library of Medicine (NLM). The concepts in these vocabularies are represented in a hierarchical structure, in which the concepts at the top are general and their sub-concepts are more detailed. This approach is somewhat limited, since users are not always familiar with the concepts in these vocabularies. Furthermore, previous studies have shown that, compared to traditional text (word-based) retrieval techniques, such an implementation of concept-based search does not necessarily improve the retrieval performance [27, 28] . Other studies tried to exploit the UMLS meta-thesaurus to expand queries, thus extracting the concepts from the query terms [29, 8] . The authors found that query expansion degraded aggregate retrieval performance, but some specific instances of synonyms and hierarchy-based query expansion improved individual query performance. Aronson [5] compared his methods to Srinivasan's [30] and showed an improvement by expanding Page 10 of 38 pages text-based queries with both phrases and concepts from the UMLS Metathesaurus. Neither used the hierarchical relationships of the Metathesaurus, yet reported an improvement over a non-query-expanded baseline. Rada [31] developed an algorithm to estimate the conceptual distance between documents and queries using MeSH and suggested that MeSH can be utilized to improve retrieval performance.
<FIGURE 1> Figure 1:
The concept "Asthma" in MeSH, decomposed to tree-numbers, appearing in several locations in different concept trees.
Medical Subject Headings
The MeSH thesaurus is organized hierarchically and includes 15 concept "trees", con- 
sisting of descriptors (concepts). Examples of such trees include

Context-Sensitive Search
It is theoretically possible to search for certain terms only when these appear within a specific context, or structured type, of the text. Purcell suggested representing the clinical literature using contextual models [32, 33] . In her study, a group of domain experts marked up the text within a set of clinical journal articles using labels originating from a contextual model spePage 11 of 38 pages cific to the clinical research literature. Purcell then showed that an improvement in retrieval performance could be achieved by using contextual search [33] .
To perform a context-sensitive search in Vaidurya, documents are expected to be structured according to a relevant [typically, hierarchical] contextual model. For example, in the case of clinical guidelines, a clinical editor created these contexts by labeling the free text using a predefined set of labels (e.g., eligibility conditions) chosen from one of several standard hierarchical guideline representation formats. Such structuring, in the case of clinical guidelines, uses tools such as DeGeL's markup tool, URUZ [8] , the guideline element model (GEM) ontology-specific GEM CUTTER tool [22] , the Guideline Markup Tool (GMT) [34] , or the
Stepper tool [35] . Semantic structuring can also be performed for general medical documents, using mostly automated methods, as is the objective of the MnM framework [36] . In the case of the DeGeL framework, each marked up CPG is represented using semantic tags from the target guideline ontology that was selected for it by the URUZ user, and is represented eventually as an XML structure based on the structure of the target ontology. Thus, several different instances of the same guideline can exist, each referring to the same source(s), but each of them marked up (structured) using a different guideline ontology. Therefore, Vaidurya context-sensitive queries in DeGeL enable the users to specify within which ontological structure and within which, respectively, specialized knowledge roles within that ontology, should the terms be searched, when performing a context-sensitive search.
Methods
The Vaidurya Search and Retrieval Engine
The Vaidurya system is a search and retrieval engine including, concept-based, and contextsensitive search within a hierarchically organized, semantically structured document library, such as DeGeL (and, to a lesser extent, NGC). In this section we present its detailed structure. 
Concept-Based Search in Vaidurya
The Vaidurya search model includes an optional specification, within a document-retrieval query, of one or more concepts or sub-concepts, using a set of logical operators defining the relations among the concepts. For example, a concept-based query can consist of the chosen list of concepts, "Endocrine Diseases" and "Immunologic Diseases" from the "Disorders" axis, and the logic operator between them, is a conjunctive (and). A query can specify also concepts from other axes; in this case there will be also a logic operator among the axes. An example of a concept-based query is shown at the top in Figure 2 .
Our assumption is that a conceptual hierarchy is always composed of one or more concept trees (e.g. Disorders, Therapies), determined by the roots at level 1 of the hierarchy (level 0 being the root concept). For example, the 15 concept trees in MeSH. Thus, medical documents, and in particular, CPGs, are assumed by Vaidurya to be indexed by concepts from a set of conceptual hierarchies, such as the sub-hierarchies of the MeSH super-hierarchy. A CPG can be classified into multiple sub-concepts within the same conceptual hierarchy (e.g., by several different therapy types) and at varying levels of the conceptual hierarchy. This multiple indexing enables users to query for guidelines indexed by multiple concepts, including cases in which the resulting instances are required be indexed by both concepts (i.e., a conjunction).
A concept-based query includes an optional specification of one or more queried concepts or sub-concepts, using the logical operators conjunction (AND) and disjunction (OR), defining the constraints on the desired relations between the queried concepts, explicitly specified by the user.
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Informally, a concept-based query includes two operator types. The first, called the inner operator, defines a constraint applied among documents within the same concept tree; the second, called the outer operator, defines a constraint to be applied among the documents returned after application of the inner operators within each concept trees (see Figure 2 ).
<FIGURE 2>
Figure 2 -The inner operator refers to the relation among concepts within the queried concepts tree; the outer operator refers to the relation between the trees, in the final retrieval stage.
Formally, given m hierarchical concept trees indexing a set of documents, a concept-based query Q cb is a structure {outer in which j is the tree id and i is the queried concept id.
During the retrieval process, first, the documents, classified along each queried concept c j i
and its descendents, are retrieved. (We had considered the option of retrieving also the documents indexed by the parents of the required indexing concepts; however, note that in this case documents that are indexed by a much broader set of concepts will be retrieved; these documents are often likely to be irrelevant for the specified search.) Then, based on the application of the inner operator inner j , a set of documents is retrieved for each queried hierarchy.
In the case of an AND inner oprator, the lists of documents indexed by each sub-tree of concept tree j are intersected. In the case of an OR inner operator the lists are unified. Eventually, the outer operator is applied to the k sets of documents retrieved (one for each queried tree), intersecting the sets in the case of an AND outer operator, and unifying them in the case of an OR operator, resulting in the final set of documents retrieved for the CBS. The resultant Page 14 of 38 pages set is later integrated with additional types of queries, such as a full-text or a context-sensitive search, using a weighted-average formula.
Context-Sensitive Search in Vaidurya
The context-sensitive search exploits the semi-structuring markup process that a document, such as a CPG, undergoes in DeGeL. To support the context-sensitive Search, we defined two properties that should be defined for each element of the hierarchical contextual model (e.g., a guideline ontology) whose labels were used to tag each segment of the text: Search Type and Search Scope. These properties, or aspects, define the way in which an element will be indexed, queried and retrieved (Table 1 ,2) and can be considered as a meta-annotation of the contextual model. For example, a context query might search for the terms "age greater than
18" within the context element "eligibility condition". An example of a context-sensitive query is shown in Figure 3 .
The Search Type
The search type aspect characterizes the type of a contextual element for the purposes of a search engine. An element can have only a single search type based on its contents character. only an aggregator for these child nodes) and thus, its content cannot be searched.
The Search Scope
Since Vaidurya assumes that documents are represented within different hierarchical contextual models, in which each element may have descendents, both parent and children elements may be targeted when searching. Sometimes there are elements that function as headers and have no content; these elements may sometimes use their descendents' contents when being queried. Using an element's descendents will be relevant only when its descendents are of the same Search Type as the element and when its descendents' contents are semantically relevant and have a retrieval value to the element. Thus, the Search Scope aspect has several possible values ( Table 2) .
It is possible to query an element's descendents and score-up the result to the queried element.
Using the Search Scope approach allows broadening the query when appropriate, and taking advantage of the descendents' contents, a crucial option within a library such as DeGeL, since Page 16 of 38 pages CPGs are often in the process of being marked up, and the elements' contents are not necessarily instantiated--possibly because they have not yet been marked-up. 
<TABLE 2>
The Vaidurya Query Interface
The current Vaidurya full-query interface (in this case, as it is used within the DeGeL system), is shown in Figure 3 . The left side of the interface contains the optional conceptual axes external conjunction (all) the guideline should be indexed; within each axis, the guideline should be indexed by one of, i.e., an internal disjunction (any) of its concepts. She is going to select a concept from the Signs & Symptoms conceptual axis. She has already specified terms that should appear in one of (any) of the two guideline-ontology contexts, filter condition and setup condition.
The results returned by Vaidurya are displayed by VisiGuide (Figure 4) , a viewer which enables users to browse the retrieved documents, including their contents and the classification of the returned results. VisiGuide can display the results using any given hierarchical contextual model. 
<FIGURE 4>
The Vaidurya Indexing and Ranking Algorithm
Indexing Free Text
Free text queries are ranked based on the traditional approach in text retrieval. In Vaidurya, each free text content element is indexed by the terms appearing in that element. Each text segment goes through a "stopping" procedure, in which common "stop-words" such as AND, OR are eliminated and the rest of the terms are stemmed [37] down to their linguistic root.
Each term gets a term frequency-inverse document frequency (tfidf) value representing a combination of the term frequency in the document and in the entire collection. Equation 1
shows how the term frequency of a term is calculated. The tf value represents the relative frequency of a term in a document or a text segment by normalizing its frequency relative to the one of the most frequent term(s) in the document or text segment. Equation 2 shows how the tfidf value is calculated based on the tf value, N, the number of items in the entire collection, and n, the number of items in which the term appears. As can be seen, the tfidf score is high when the term i is very frequent in the document and infrequent over the document collection as a whole. Concept-based queries include several concepts with boolean operators between them, defining a subgroup of documents classified along the combination of concepts, as specified in the query. The similarity function in this search type returns 1 when the document appears in this group and 0 when it does not.
Similarity Functions
When a query is executed, the relevance of each of the elements defined by the query is computed. This is done using the Cosine similarity function. 
Ranking Weights
In order to implement the ranking algorithm in Vaidurya, where a query is a collection of different contextual (ontology) elements of different search types, two kinds of weights were Page 20 of 38 pages defined. A Search Type Weight (STW) defines the relative search type weight. We assume that each search type has differing contribution and reliability factors relative to the retrieval task. For example, in a TextValue search type element the user chooses from a given finite list, which we consider as very reliable in terms of representing the user needs. In the FreeText search type, the user may not enter the correct keywords, and, moreover, the document may contain synonyms. In FreeText the user has to provide the keywords from his own mind, and thus we consider this search type querying to be sometimes less effective. Thus, 
Evaluation of the Vaidurya Search Engine
An initial feasibility evaluation was performed by implementing the Vaidurya engine and its interfaces. The Vaidurya engine was then incorporated within the DeGeL architecture [8] .
We also asked our DeGeL clinical users for qualitative feedback regarding its usability and functionality in that context.
A preliminary functional evaluation of Vaidurya was performed using part of the TREC 4 6 collection, which determined that Vaidurya's baseline full-text retrieval performance was reasonable, compared to other known retrieval systems.
A description of the full details of the evaluation and the complete results is outside the scope of this paper, which focuses on the Vaidurya search engine and its architecture, and is described elsewhere [38, 10] . We shall only provide a brief sketch of the evaluation methodology and of its core results; when presenting the results, we shall integrate these results with several more recent results that were briefly introduced elsewhere [11] , which have extended the use of the inner and outer operators to all four possible combinations.
The DeGeL library is not yet a sufficiently large CPG repository. Thus, to fully and quantitatively evaluate the contribution of the several search types implemented within the Vaidurya search engine, we created a test collection based on the NGC textual CPGs collection, which is a particularly appropriate collection for evaluation of Vaidurya, since each CPG is classified along several concepts, and is internally structured. For the evaluation of the Vaidurya system's performance within the NGC collection, we used the NGC repository's internal structure, which is designed for easy reading and browsing. This internal structure To measure the retrieval performance, we used the traditional precision and recall metrics. Precision is the proportion of relevant documents (defined for a specific query within the entire collection, also called judgments) within the set of the retrieved documents, and recall is the proportion of relevant documents (judgments) retrieved from the set of relevant documents (judgments), for a specific query. We also used eleven-point average precision, which is a common measurement of the combination of precision and recall. Eleven-point average precision is computed by averaging the precision, or interpolated, of the retrieved documents at the recall levels 0.0, 0.1,..,1.0.
Experiments and Results
Results of the Vaidurya Search-Engine Evaluation
With respect to the pragmatic evaluation, the Vaidurya engine software design and implementation were successful, and the preliminary tests within the DeGeL architecture have demonstrated the engine's usability and functionality. The Vaidurya system is currently routinely used within the DeGeL project to support modules such as the Uruz markup module [8] and the Spock runtime application engine [39] . Thus, the pragmatic evaluation showed the system to be successful.
Even at that early phase, we received useful feedback from DeGeL users that included comments regarding two key potential obstacles: (1) there was some difficulty in the manual concept-based indexing of guidelines within the IndexiGuide guideline-classification tool; and (2) the full Vaidurya interface, including all types of searches, although providing considerable functionality is too complex. We briefly mention our proposed solutions to these probPage 24 of 38 pages lems and some specific results already achieved with respect to solving them, in the Discussion section.
Before proceeding with the functional evaluation, we performed a set of evaluation runs on the TREC-6 collection to assess just the full-text search and to verify that its performance is not too poor; the results were comparable with other search engines. In addition, to tune the search engine, we ran a preliminary evaluation with several queries on the NGC collection, To compare the methods' performance we chose the mean precision at the 0.5 recall level and compared the different means using t-tests, a procedure often recommended for evaluation of information retrieval systems [40] . Typically, the difference in the precision among different search methods at the low recall level was high (and statistically significant; for all methods versus FTQ), while at the high recall levels it was low; thus, we decided to choose the 0.5 level of recall.
At that level of recall the trend was clear, but nonsignificant. The 95% confi- 
Full Concept-Based Search Evaluation
In addition to the initial evaluation, we have recently performed an evaluation focusing on the concept-based search [9] . Unlike in the case of the first set of experiments described above, in which, within the concept based search, the outer operator was always set to OR, in this study we performed a broader evaluation of the concept-based search, including all four possible combinations of the two operators, the inner and the outer, each set to be either OR or AND. In the new study, we wanted to examine the contribution of the CBQ to the FTQ, CSQ and 3CSQ baselines separately. Additionally, we wanted to investigate in detail the best operator (inner and outer) settings and the concept query level that optimizes the contribution of the concept based search for each baseline.
Three main experiments were designed, in which we used CBQ in addition to a given base- Table 3 presents all the eight combinations and the acronyms by which we refer to the operator and level combinations when reporting the results. Figure 6 presents a summary of the mean retrieval performance, in a precision-recall curves graph. For each baseline we present the best added CBQ option.
<TABLE 3>
In general, a significant improvement was achieved when a CBQ was used in addition to an FTQ. The best CBQ setting when querying in addition to an FTQ was CBQ-3OO, that is, Page 27 of 38 pages querying at the third level of the concept hierarchy and having a disjunction relation in both the inner and the outer operators.
When a CBQ was used in addition to a single CSQ (1CSQ), the best mean performance was achieved for CBQ-3OA, which means querying at the third level with disjunction in the outer operator and conjunction in the inner operator. As in the case of FTQ, here a significant improvement was observed too. Querying CBQ in addition to three CSQs decreased the mean performance of the baseline for all settings. However, the best settings were for querying the third level with disjunction in the inner and the outer operators (3CSQ+3OO). Note that the 3CSQ baseline was higher than the FTQ and 1CSQ baselines. It can be seen that as the baseline performance is higher the CBQ contribution is lower. Additionally, when the baseline is low, it is better to use conjunction in the operators; and when it is higher, it is better to use disjunction, especially in the outer operator. baseline, and decreases it in the case of the 3CSQ baseline, which starts at a very high level. As the baseline is lower, the contribution of the CBQ is higher.
Discussion
We have demonstrated the feasibility of designing and implementing a functional full-text, concept-based, and context-sensitive search engine for clinical, semi structured documents Page 28 of 38 pages that are classified into several levels of several conceptual hierarchies. In the case of the concept-based search, the queries use concepts from multiple hierarchies; the documents classified to these concepts and to their ontological descendents are retrieved based on internal and external logical operators defined by the query among the concepts. Furthermore, we have demonstrated the potential value of concept-based and context-sensitive search in addition to full-text search, at least within a relatively significant-size electronic clinical-guideline repository, and especially when base-line precision is low.
Although the described search-and-retrieval framework is a general one, we evaluated the approach on a collection of textual CPGs, whose effective search and retrieval is one of our main objectives, as explained in the introduction.
Indexing the documents along multiple hierarchical semantic axes, such as is done by the NGC Disorders and Therapies axes, or by the seven indexing hierarchies currently implemented in the DeGeL framework, supports a concept-based search, in which the user explicitly indicates in the query multiple concepts from one or more semantic axes.
The markup process that a CPG goes through, for example within the DeGeL architecture, using the URUZ hybrid (multiple-format) mark-up and specification tool for the grad- Combining several types of search based on weighting schemas, such as in text retrieval, and Boolean chemas in the case of conceptual retrieval were used also in Text Categorization [41] , knowledge based text retrieval [42, 43] , question-answering [44] . Our use in this study of concept-based search is somewhat different from previous work, which has not often demonstrated an improvement; this difference in method might explain the enhancement in results achieved here. Concept-based indexing in the medical domain often uses concepts that are extracted automatically from the text contents, usually referring to the MeSH conceptual hierarchy. Similarly, the user's query (also a document) is converted automatically into a concept query, and matched against all the indexed documents, as in the case of the PubMed tool. In contrast, the concept-based queries in Vaidurya are specified explicitly by the user. In addition, the libraries we have applied it to (DeGeL and NGC) use mostly manual indexing. Our experimental results show that the concept-based search improved the retrieval performance when used in addition to full-text and context sensitive queries [10, 11] .
One of the limitations of the current study is that we had performed before the main experiments a preliminary experimentation with multiple different settings, using an automated test and a small set of judgments; changing the relative weights of the three search types did not seem to change the performance, so the weights were left as uniform. However, future experiments with multiple additional queries might be needed to better validate these preliminary default settings.
During the performance of our study, there were two potential obstacles to the use of concept-based and context-sensitive search that were mentioned by the DeGeL and Vaidurya users; we have since then attempted to address both. The first obstacle mentioned in our preliminary experiments was that the CBQ and CSQ search interface, although powerful, was highly overloaded from the point of view of a casual clinical user. It displays both the semanPage 30 of 38 pages tic axes used by the concept-based search and the target ontology's semantic roles, which are used by the context-sensitive search. To overcome this potential problem, we developed and presented elsewhere new interfaces that are simpler and that we expect to be significantly more user-friendly. These interfaces offer several versions of the search screen, each at a different sophistication level, all customizable by the user [45] . In addition to these customizable interfaces, which mainly select contexts from the selected document's contextual model, we have also developed a query interface in which clinicians assisted by a medical informatics expert can create query templates for end users, who are not familiar with the underlying context model, and possibly not even with the specific medical domain in which they wish to search [46] . A second potential obstacle to the use of concept-based search, mentioned by IndexiGuide users within the DeGeL library, was the need for the manual classification of each new document added to the digital library (unless originally classified by the author using the same semantic axes; even in that case, additional indices are often useful for the Vaiduyra engine purposes), potentially a time-consuming task even for an expert mark-up tool editor.
Non-satisfactory indexing may conceivably harm the precision of the concept-based retrieval method. Thus, we have developed an automatic classifier that classifies new guidelines along multiple semantic hierarchical axes, based on a given set of guidelines previously classified using the same axes. The guideline classifier thus proposes to the human editor, given a new guideline, a set of paths (i.e., both intermediate and leaf nodes) in the concept hierarchy, by which the new guideline might be indexed, thus significantly facilitating the task of multiplehierarchical indexing of the new guideline. We have rigorously evaluated the new automatedclassification approach within the NGC framework, with encouraging results [47] .
Our conclusions are thus that the Vaidurya engine's concept-based and contextsensitive search and retrieval methods are both usable and useful, and that the potential obsta- 
